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Po6oma npucesiieHa demekuii eipycie pocnuH, wo iHgikyromsb L. esculentum Ha mepumopii YkpaiHu. 3a peaynsmamamu I®A eu3HavyeHO Hasie-
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HEKOTOPBIE BUPYCHbBIE BOJIE3BHU LYCOPERSICON ESCULENTUM,
LUMPKYJNTIUPYIOLWUE HA TEPPUTOPUN YKPAUHDI

Pa6oma nocesiujeHa demekyuu supycoe pacmeHuli, komopsbie uHgpuyupyrom L. esculentum na meppumopuu YkpauHbl. Mo pe3ynsmamam
N®A onpedeneHo Hanuyue aHmuzeHoe eupycoe podoe Tobamovirus (PMMoV, ToMV), Cucumovirus (CMV) ma Tobravirus (TRV) lpu uccnedoea-
Huu supycHbIx 6one3Huli L. esculentum e ocHo8HOM npesanuposgasna MOHOUHGeKkyusi. CoanacHo Hawum uccriedogaHusiM 6osee pacrnpompaHeH-
HbIM OKa3asicsl eUPyc MO3auKu momama.
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FUSION EXPRESSION OF RECOMBINANT HUMAN BETA-DEFENSIN-3
AND ANALYSIS OF ITS BIOLOGICAL ACTIVITY

Human beta-defensins (hBDs) are small cationic antimicrobial peptides with multiple biologic activities. The aim of the study
was cloning, expression in E.coli, purification and in vitro analysis of biological activity of recombinant human beta-defensin-3
(rec-hBD-3). hBD-3 cDNA was cloned into pGEX-2T vector, and recombinant plasmid was transformed into E.coli BL21(DE3) cells.
Rec-hBD-3 was expressed in bacterial cells as GST-hBD-3 fusion protein, and purified by 3-step procedure via affine chromatog-
raphy on glutathione-agarose, cleavage of fusion protein by thrombin, and reverse phase chromatography on Sep-Pack C18.
Analysis of biological activity of rec-hBD-3 has shown that the peptide is active against Pseudomonas aeruginosa in micromolar
concentrations in radial diffusion test. Rec-hBD-3 did not affect proliferation and viability of cultured human cancer cells of A431,

Ab549, and TPC-1 lines, but was capable to potentiate cytotoxic effects of rec-hBD-2 and docetaxel in vitro.
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Intriduction. Human beta-defensins (hBDs) are small
cationic antimicrobial peptides produced by different cell
types. Human beta-defensins have been primarily
recognized to possess a broad spectrum of antimicrobial
activities, but as it has been shown later exhibit multiple
biologic effects toward eukaryotic cells [1, 2]. In a number
of studies there have been shown effects of hBDs on many
important cell processes — cell proliferation, viability,
differentiation, and apoptosis, and it has been shown that
such effects of hBDs are concentration-dependent and
could be exerted against many cell types [3-6]. Human
B-defensin-3 (hBD-3; DEFB103) was firstly isolated in 2001
from human psoriatic lesions and cloned from keratino-
cytes and tracheal epithelial cells [7]. Mature hBD-3
molecule is composed from 45 aminoacid residues
(molecular weight is 5.15 kDa) and possesses high cationic
charge (+11). This defensin possesses potent broad

spectrum activity against Gram-negative and Gram-positive
bacteria but, unlike other studied members of beta-
defensin family, antimicrobial activity of hBD-3 is found to
be salt-insensitive. hBD-3 is an antimicrobial with an
inducible expression which could be up-regulated upon
stimulation with interferon-y via STAT binding site in
promoter region of DEFB103 gene [8]. Expression of hBD-3
has been registered in many tumor types but its functional
role remains unclear: hBD-3 is thought to play a role of pro-
oncogenic molecule in some tumors (head and neck
cancer, oral carcinoma [9, 10]) or tumor suppressor in
salivary gland tumors [11]. Up to date, the role of hBD-3 in
tumor cell biology is insufficiently investigated.

The present study was aimed on prokaryotic
expression of hBD-3 (rec-hBD-3) and analysis of its
biological activity in vitro.
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Materials and methods. Human epidermoid
carcinoma A431 cells and human lung adenocarcinoma
A549 cells were obtained from the Bank of Cell Lines from
Human and Animal Tissues, R.E. Kavetsky Institute of
Experimental Pathology, Oncology and Radiobiology, NAS
of Ukraine (Kyiv, Ukraine). Human papillary thyroid
carcinoma cell line TPC-1 was kindly provided by
Dr. V.M. Pushkarev (V.P. Komissarenko Institute of
Endocrinology and Metabolism, AMS of Ukraine, Kyiv,
Ukraine). The cells were cultured in vitro in DMEM culture
medium supplemented with 10% fetal bovine serum (FBS),
100 units/mL penicillin G sodium, 100 pyg/mL streptomycin
sulfate in 5% CO; atmosphere at 37 °C. To clone the gene
coding mature hBD-3 sequence, total RNA was isolated
from human lung adenocarcinoma sample, and hBD-3
cDNA was obtained by reverse transcription using a pair of
specific primers: hBD-3-F: GCG CGG ATC CGG AAT CAT
AAA CAC ATT ACA GAA; hBD-3-R: CAC GAA TTC TCA
TTT CTT TCT TCG GCA GCA TTT TCG GC. Primer
design was based on analysis of NM_001081551.3
sequence from GenBank database. hBD-3 cDNA was
cloned into pGEX-2T vector (GE Healthcare, Sweden).
Restriction of plasmids, ligation of fragments, bacterial cell
transformation were performed by standard protocols. Rec-
hBD-3 was purified by three-step procedure successfully
used earlier for purification of rec-hB-2 and rec-hBD-4 [12,
13]. In brief, E. coli BL21(DE3) bacteria transformed with
GST-hBD3-recombinant plasmid were induced with 1 mM
IPTG for 6 h and precipitated by centrifugation. The
bacterial cell lysate was applied to affine chromatography
on glutathione agarose column (GE Healthcare, Sweden)
with following cleavage of the defensin from fusion protein
by thrombin digestion. hBD-3 peptide was further purified
by reverse phase chromatography on Sep-Pack C18
cartridge (Waters, USA). Protein purity of the peptide
preparation was analyzed by 7-22% gradient SDS PAGE.
Antimicrobial activity of rec-hBD-3 was analyzed against
Pseudomonas aeruginosa by bacterial growth suppression

in radial diffusion assay [14]. P.aeruginosa ATCC 9027
strain was obtained from Ukrainian Collection of
Microorganisms (D.K. Zabolotny Institute of Microbiology
and Virology, NAS of Ukraine, Kyiv, Ukraine).

To study the effect of rec-hBD-3 on cell proliferation
A431, A549, and TPC-1 cells were cultured in 24-well
plates (5x104 cells per well) to nearly 50% confluence and
then treated by addition of rec-hBD-3 at various
concentrations (from 1 nM to 5 uM) for 48 h in FBS free
medium. After the treatment, cells were triply washed with
PBS, detached with trypsin, and counted in
hemocytometer. The percentage of dead cells was
analyzed using trypan blue staining.

To evaluate the effect of rec-hBD-3 on cell viability, MTT-
test has been applied [15]. A549, A431, and TPC-1 cells
were seeded into 96-well plates (7x103 cells per well) and
incubated with rec-hBD-3 for 48 h in FBS free medium. Then
the cells were treated with (3-[4,5-dimethylthiazole-2-yl]-2,5-
diphenyltetrazolium bromide) by standard protocol, and
colorimetric reaction was evaluated with the use of ELISA
reader (Awareness Technology Inc, USA) at A = 545.

The data are reported as the mean + SD. The statistical
significance of differences between mean values was
assessed by the Student's f-test. Values p < 0.05 were
considered statistically significant.

Results and discussion. For expression of rec-hBD-3
we have used GST-system for production of recombinant
proteins allowing protein expression in E.coli strains in a
form of chimeric proteins fused to GST tag. Both PCR
product and pGEX-2T vector were purified, digested by
BamHI and EcoRI restriction endonucleases, ligated and
the hybrid plasmid was used for subsequent transformation
of E. coli BL21(DE3) cells. After selection of colonies
(Fig. 1), recombinant vectors were analyzed by digestion
with BamHI and EcoRl endonucleases; the result
evidenced on correct 135 bp insertion the sequence of
which was shown to correspond to nucleotide sequence of
hBD-3 gene by direct DNA sequencing analysis.

Fig. 1. SDS-PAGE analysis of lysates of bacterial colonies before (lines 1)
and after (line 2) induction of bacteria with 1 mM IPTG for 6 h.; M — protein marker (SM0661, Fermentas)

Purification of rec-hBD-3 has been performed by
routine three-step procedure including affine
chromatography, proteolysis of fusion protein with thrombin
and reverse phase chromatography. Purity of hBD-3
fraction was analyzed by gradient 7-22% SDS-PAGE

(Fig. 2,a) and antimicrobial activity of the defensin was
determined by inhibitory zone test. Rec-hBD-3 was active
against P. aeruginosa at micromolar concentrations (Fig. 2, b).
So, we have expressed in prokaryotic system and purified
recombinant hBD-3 with antimicrobial activity.
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Fig. 2. A. SDS-PAGE analysis of rec-hBD-3 purified by reverse phase chromatography on Sep-Pak C18 (Water, USA).
1 — Protein Marker 6.5 — 200 kDa (SERVA Electrophoresis, Germany);
2 —fraction of rec-hBD-3 eluted with 50% CH3CN. B. Antimicrobial activity of rec-hBD-3 against P.aeruginosa in radial diffusion assay:
1 — 2 ug rec-hBD-3; 2 — 3 yL H,O (control); 3 — 7 ug rec-hBD-3
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Fig. 3. Effect of rec-hBD-4 on proliferation of cultured cells of A431, A549, and TPC-1 lines.
The number of attached cells was evaluated by direct cell counting.
The data of three independent experiments are presented as the mean * SD

Next, we have analyzed whether hBD-3 could affect
cancer cell proliferation and viability in nanomolar
concentrations. A concentration-dependent effects toward
cancer cell growth were reported earlier for some beta-
defensins, in particular hBD-2 and hBD-4 [5, 13]. The
influence of rec-hBD-3 on proliferation and viability of three
cultured human cancer cell lines — A431 (epidermoid
carcinoma cells), A549 (lung adenocarcinoma cells), and
TPC-1 (papillary thyroid cancer cells) was evaluated by
direct cell counting technique and MTT assay respectively.

140

As it has been shown, rec-hBD-3 did not exert significant
effects on proliferation and viability of cultured cancer cell
lines at the range of concentrations from 1 nM to 5 yM
(Fig. 3, 4). These data are in accordance with the data
reported earlier on the absence of cytotoxic activity of this
defensin at low micromolar concentrations [7]. Interestingly,
when we have studied combined effect of rec-hBD-3 and
rec-hBD-2 on viability of A431 cells (Fig. 5), we have
registered significant increase of cytoxicity of such
combination compared to that of rec-hBD-2 only.
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Fig. 4. Effect of rec-hBD-3 on viability of A431, A549, and TPC-1 cells.
The number of viable cells was evaluated by MTT analysis.
The data of three independent experiments are presented as the mean * SD
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Fig. 5. Effect of rec-hBD-2 alone or in combination with rec-hBD-3 on viability of A431 cells.
The number of viable cells was evaluated by MTT analysis.
The data of three independent experiments are presented as the mean * SD.
*The difference is significant compared to appropriate control value (p < 0.05)

Moreover, while being noncytotoxic, rec-hBD-3 has been
found to potentiate antiproliferative effects of clinically well-
established anti-mitotic chemotherapy = medication
docetaxel. As it has been demonstrated in MTT assay (Fig. 6),
docetaxel at the doses of 0.1 and 1 pM significantly
suppressed viability of A431 cells in a concentration

120

dependent manner. The cytotoxic effect of 0.1 and 1 uyM
docetaxel in combination with 500 nM, 1 yM or 2 uM rec-
hBD-3 was significantly higher than that of docetaxel only
(Fig. 6). This finding could be of potential clinical importance,
and the mechanisms of hBD-3-dependent attenuation of
cytotoxic effects of docetaxel require further examination.
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Fig. 6. Effect of docetaxel in combination with rec-hBD-3 on viability of A431 cells.
The number of viable cells was evaluated by MTT analysis. The data of three independent experiments are presented as the mean * SD.
*The difference is significant compared to appropriate control value (p < 0.05)

Concussion. In this work we report on procaryotic
expression of bioactive rec-hBD-3. Analysis of biological
activity of this defensin has shown that hBD-3 has no effect
on proliferation and viability of cultured human cancer cells
but it is capable to potentiate cytotoxic effects of hBD-2 and
docetaxel in vitro.
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EKCNPECIA PEKOMBIHAHTHOIO BETA-QE®EHCUHY-3 NNIOANHU
TA AHATI3 NOrro BIONONNYHOI AKTUBHOCTI

Bema-degpeHcuHu nroduHu (human beta-defensins, hBDs) — ye Heeesnuki 3a po3mMipoM KamioHHi aHMUMIKPOGHi Nnenmuou 3 WUPOKUM CeKmpom
6ionozi4yHoi akmusHocmi. Memoto docnidxeHHsi 6yno knoHyeamu ma ekcrnipecysamu 8 E.coli pekom6iHaHmHuli 6ema-0egheHcuH-3 MoOUHU (rec-
hBD-3), nposecmu (io2o0 o4ucmky ma npoaHanizyeamu in vitro 6iono2iyHy akmueHicms ybo2o nenmudy. k[JHK hBD-3 6yno kinoHo8aHO y 8eKmop
PGEX-2T, Hadani pekom6iHaHmHoto nnasmidoro 6yno mpaHcgopmosaHo knimuHu E.coli BL21(DE3). Rec-hBD-3 6yno ekcnpecosaHo 8 6akmepiasb-
Hux knimuHax y euansdi 3numozo 6inka GST-hBD-3 ma o4uujeHo wiisixoM aghiHHOT xpomamozpaghii Ha 2rromamioH-a2apo3i, po3wjensieHHs 3u-
moeo 6inka mpom6iHoM ma po3dineHHs Npodykmie NpomeoJlizy 360pomHbLOGHa3080+0 XxpoMamozpaghiato Ha Hocii Sep-Pack C18. AHani3 6ionoaiy-
Hoi akmueHocmi rec-hBD-3 noka3ae, uyo pekom6iHaHmHuli nenmud € akmueHuMm npomu Pseudomonas aeruginosa e MiKpOMOJISIPHUX KOHUeHmpa-
yisix @ mecmi padianbHoi Oudpy3il, He ennueae Ha nponighepayiro ma xummesdamuicmb KyfbMUE0O8aHUX MYXJIUHHUX KIiMuH noO0uHU niHit A431,
A549 ma TPC-1, ane e 30amHum nidcusnroeamu yumomokcu4Hi egpekmu rec-hBD-2 ma doyemakceny in vitro.

Knro4oei cnoea: 6ema-degpeHcuH-3 noOuHU, NyxJIUHHA KnimuHa, nponigepayis, xumme3sdamHicmb, aHMUMiKpob6Ha akmueHicme.
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9KCNPECCUA PEKOMBMHAHTHOIO BETA-AE®EHCUHA-3 HENOBEKA
N AHAINMU3 Er0 BUOJIOTMYECKOU AKTUBHOCTHU

Bema-degpeHcuHbl Yyenoeeka (human beta-defensins. hBDs) — amo kamuoHHble aHMUMUKPO6HbIe nenmuodbl C WUPOKUM crieKmpom 6uosoau-
4eckoli akmueHocmu. Llenbto uccnedoeaHusi 6b110 KITOHUPO8amb U 3Kcripeccupoeamsb e E.coli pekom6uHaHmHbIlU 6ema-degheHCcUH-3 Yyenoeeka
(rec-hBD-3), nposecmu e20 o4UCMKy U npoaHanu3upoeams in vitro 6uosio2u4ecKyro akmueHocms amozo nenmuda. kJHK hBD-3 knoHupoeanu e
sekmop pGEX-2T, pekom6uHaHmHol nnasmudoli mpaHcghopmupoeanu knemku E.coli BL21(DE3). Rec-hBD-3 akcnpeccupoeanu e 6akmepuasbHbiX
knemkax e eude ciumozo 6enka GST-hBD-3 u o4yuwanu nymem agpghuHHOU xpomamozpaghuu Ha 2J1l0MamuoH-a2apo3e, pacuwiensieHus caumo20
6enika mpomM6UHOM u pa3desnieHusi Mpodykmoe npomeosiuza obpamHogazoeoli xpomamozpagueli Ha Sep-Pack C18. AHanu3 6uonozuyeckoll ak-
mueHocmu rec-hBD-3 noka3san, Ymo pekoMbuHaHMHbIU nenmud akmueeH npomue Pseudomonas aeruginosa 8 MUKPOMOJISIPHbIX KOHUEeHmpauyisix
8 mecme paduansHoli dugghy3uu, He enussiem Ha nposiughepayuro U KU3HeCrnoco6HOCMb KyJlbmueupo8aHHbIX OMyXoJieebIX Kiemok nuHuli A431,
A549 u TPC-1, odHako crocobeH ycunueamb yumomokcudyeckue agpgpekmni rec-hBD-2 u doyemakcena in vitro.

Knroyeenie cnoea: 6ema-degheHcuH-3 Yesioeeka, onyxosesasl Kiiemka, nposugepayusi, Xu3HecrnocobHoCcmMb, aHMUMUKPO6Hasi akmueHoCMb.



